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FOREWORD 


This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Refractories 
Sectional Committee had been approved by the Metallurgical Engineering Division Council. 


This standard is intended for determination of bulk density (BD) and apparent porosity (AP) of granular 
refractory materials, also known as refractory aggregates. It has been felt necessary to formulate the Indian 
Standard for bulk density (BD) as well as apparent porosity (AP) measurements of refractory granular 
material/refractory aggregate, since they form the backbone of the refractory formulations. Apart from product 
chemistry, the bulk density (BD) and apparent porosity (AP) are important in controlling the final product 
properties corrosion resistance, strength, modulus of elasticity, thermal expansion, thermal spalling resistance, 
etc. Against this backdrop, the knowledge of both bulk density (BD) and apparent porosity (AP) of the aggregate 
is important in controlling the eventual product properties. 


The composition of the Committee responsible for formulation of this standard is given in Annex A. 
In reporting the results of the test made in accordance with this standard, if the final value, observed or 


calculated is to be rounded off, it shall be done in accordance with IS 2 : 2022 ‘Rules for rounding off numerical 
values (second revision)’. 
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Indian Standard 


DETERMINATION OF DENSITY AND POROSITY FOR 
GRANULAR REFRACTORY MATERIALS 


1SCOPE 


This standard covers the method for determining the 
apparent porosity, bulk density, apparent density 
and water absorption of granular refractory 
materials also known as refractory aggregates. This 
test method does not apply to materials that react 
with water or materials that hydrate in boiling water. 


2 REFERENCES 


The standards given below contain provisions 
which through reference in this text, constitute 
provision of this standard. At the time of 
publication, the editions indicated were valid. АП 
standards are subject to revision and parties to 
agreements based on this standard are encouraged 
to investigate the possibility of applying the most 
recent edition of these standards: 


IS No. Title 
IS 460 Test sieves — Specification: 


(Part 1) : 2020 Wire cloth test sieves (fourth 
revision) 


(Part 2) : 2020 Perforated plate test sieves 
(fourth revision) 


IS 1997 : 2008/ Laboratory glassware — 
ISO 385 : 2005  Burettes (third revision) 


IS 2619 : 2018/ Glass beakers — 
ISO 3819:2015 Specification (third revision) 


IS 4041 : 2006/ Terminology of refractories 
ISO 836: 2001 (first revision) 


3 TERMINOLOGY 


For the purpose of this standard, the following 
definition, in addition to those given in IS 4041, 
shall apply: 


3.1 Bulk Density (BD) — Ratio of mass and 
volume of all 3 types of pores, that is, open, channel 
and closed pores, present in a material plus volume 
of the solid. 


3.2 Apparent Density (AD) — Ratio of mass and 
volumes of open and channel pores plus volume of 
the solid. In other words apparent density, unlike 
bulk density, does not account for closed pores 
present in the test specimens. 


4 SAMPLING 


4.1 Lot 


In any consignment, all the containers/bags holding 
the refractory aggregates/granular material of the 
same type and grade, manufactured by the same 
supplier under similar conditions of production shall 
be grouped together to constitute a lot. The 
maximum mass of any lot shall, however, be limited 
to 50 tonne. 


4.2 Sample Size 


It is recommended that a minimum quantity of 50 kg 
should be collected for evaluation. As refractory 
granular materials are normally supplied in 50 kg 
containers/bags, the number of containers/bags 
shall be selected at random on the basis of Table 1. 
In case the content of the supplied bags/containers 
differs from 50 kg, the numbers of collected bags, 
for a given lot size, should be such that the collected 
refractory granular material/aggregate quantity, in 
terms of weight, is greater than that specified in 
Table 1. For example, if a supplied bag contains 
30 kg of refractory granular mass/aggregate and 
the lot size is 9 tonne, 2 bags instead of 1, that 
is, 60 kg, should be collected for test sample 
preparation. 


The selected containers/bags shall be emptied on a 
clean and dry surface. The material should be 
thoroughly mixed and reduced to 1 kg by repeated 
coning and quartering. 
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Table 1 Numbers of Bags/Containers to be Selected for Different Lots 


(Clause 4.2) 
SI No. Lot Size, in Tonne Number of 50 kg Containers/Bags to be 
Selected as Samples 
(1) (2) (3) 
1) Up to 10 1 
ii) 10 to 25 2 
111) Over 25 up to 50 4 
5 APPARATUS REQUIRED c) Safety goggles. 


a) Laboratory crusher for crushing samples; 

b) Sieve of aperture size ranging between 2 mm 
to 4 mm conforming to IS 460 (Part 1) or 
IS 460 (Part 2); 

c) Drying oven, adjustable to 105 *C to 110 *C; 


d) Riffle, spatula or trowel, for sample quartering; 
e) Weighing balance, having sensitivity 0.01 g; 
f) Hot plate or heater; 


g) Beakers of capacity 250 ml conforming to 
IS 2619 or thin cloth pouches and container; 
and 

h) Calibrated burette of capacity 100 ml, 
graduated in 0.2 ml; conforming to the 
requirements of IS 1997. 


6 TEST SAMPLE 


6.1 The sample obtained in 4.2, shall be screened 
dry through 2 mm and 4 mm sieves. Collect size 
fractions which pass through 4 mm sieve and are 
retained on 2 mm sieve. The objective is to collect 
a minimum 300 grams of sample which passes 
4 mm sieve and retained on 2 mm sieve. If it is 
necessary, adjust the crushing process for 
generation of minus 4 mm and plus 2 mm size 
fractions of the material and/or if required, collect 
greater than 1 kg of sample at stage 4.2. 


6.2 Blow clean dry air over the generated plus 4 and 
minus 2 mm size material to make it dust free. If 
required, wash the sample collected subsequent to 
sieving, in a stream of tap water for at least 
5 min or until all the dust is removed. Oven-dry the 
material overnight at 105 °С to 110 °C till the 
sample attains constant weight. 


7 PERSONAL PROTECTIVE EQUIPMENT 
(PPE'S) REQUIREMENT 


The following personal protective equipment should 
be used while performing the test. 


a) Safety shoes; 
b) Hand gloves; and 


8 PROCEDURE 


8.1 Divide the dried sample further by quartering or 
riffling to obtain the portion for testing. Weigh 
100 g of this sample to the nearest 0.01 g and record 
as dry weight (Wa). 


8.2 Place the sample in a beaker of water and boil 
for 2 h. Alternatively, the sample may be taken in a 
cloth pouch and boiled in a container of water, 
taking care that the pouch does not touch the sides 
or bottom of the container. During boiling, the 
grains shall be completely covered with water. Cool 
the sample to room temperature by running cold 
water into the beaker (or keeping the pouch in a tray 
of cold water). 


8.3 Decant the excess water and place the grains on 
a damp towel. Use a towel that is well saturated with 
water, to remove surface water from the grains. Blot 
lightly to avoid removing water from the pores. 
Removal of surface water will be complete when 
grains no longer adhere to each other. 


8.4 While performing the steps of the test procedure 
given in 8.2 and 8.3, it should be ensured that no 
material is lost in the process. Weigh this sample to 
the nearest 0.01 g and record as soaked weight (W.). 


8.5 Take approximately 50 ml of water in a 100 ml 
burette. Allow it to stand until drops of water on the 
sides settle into the body of water. Note the exact 
meniscus level in the burette. 


8.6 Pour grains into the burette and shake till all 
grains and water-droplets settle into the body of 
water with no air bubbles attached. Read the new 
meniscus level immediately and record the 
difference between the first and second readings as 
volume of grains (V) in cm’. 


9 CALCULATION 


Calculate the water absorption, bulk density, 
apparent porosity and apparent density using the 


following formulae: 


M Ws-W 
a) Water absorption, in percent = m x 100 


b) Bulk density (BD), in g/cm? = та 

c) Apparent Porosity (АР), in percent 
(Ws - Wa) 
(Vx p) 


x 100 


d) Apparent density, in g/ ст = 28 


where 


W, = soaked weight of the sample, in grams; 
Wa = dry weight, in grams; 

V = volume of grains, in cm?; and 

p = density of water in g/cm?. 


y- (wo, 
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NOTE — In the above formulae, use ‘p’ = 1 g/cm’. 
10 TEST REPORT 
The test report shall include at least the following 
information: 
a) How the sample is taken; 
b) Size of grains of the sample measured; 


c) The values of apparent porosity, bulk 
density, apparent density and water 
absorption (if more than one sample was 
tested, state the number of samples tested 
and arithmetic average (mean) of results as 
well as the range between the highest and 
lowest values obtained); 


d) The name of testing establishment; and 


e) Date of test. 
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ANNEX A 
(Foreword) 


COMMITTEE COMPOSITION 


Refractories Sectional Committee, MTD 15 


Organization 


SKG Refractories Ltd, Kolkata 


Calderys India Refractories Limited, Nagpur 


CSIR - Central Glass and Ceramic Research 
Institute, Kolkata 


Dalmia Institute of Science & [Industrial 
Research, Sundargarh 


Engineers India Limited, New Delhi 


Hindalco Industries Limited, New Delhi 


IFGL Refractories Limited, Kalunga 


Indian Refractory Makers Association, Kolkata 


Mahakoshal Refractories Private Limited, 
Katni 


Maithan Ceramic Limited, Chirkunda 


MECON Limited, Ranchi 


M N Dastur and Company Private Limited, 
Kolkata 


National Aluminium Company Limited, 
Bhubaneswar 


National Council for Cement and Building 
Materials, Faridabad 


OCL India Limited, Rajgangpur 


Representative(s) 


DR ARUP KUMAR CHATTOPADHYAY (Chairperson) 


DR I. N. CHAKRABORTY 
SHRI SANTANU BASAK (Alternate I) 
DR SAUMEN SINHA (Alternate II) 


DR H. S. TRIPATHI 


DR PREMA RANJAN RAUTA 
SHRI SUDHIR KUMAR PANDA (Alternate I) 
SHRI LALIT MOHAN CHOUDHURY (Alternate IT) 


SHRI PRASENJIT SAHA 
SHRI BISWARUP SARKAR (Alternate I) 
SHRI PRASENJIT PAL (Alternate II) 


DR NAGESWAR KAPURI 
SHRI P. SARAVANAN (Alternate I) 
SHRI TAPAS CHOWDHURY (Alternate IT) 


SHRI S. D. MAJUMDAR 
SHRI SAJAHAN MANDAL (Alternate) 


DR ARUP GHOSH 
SHRI ANIRBANDIP DASGUPTA (Alternate) 


DR SUKUMAR ADAK 
SHRI SHYAMALENDU KABIRAJ (Alternate) 


SHRI S. N. SU 
SHRI J. N. CHAKRABORTY (Alternate) 


SHRI S. BANERJEE 
SHRI B. BERA (Alternate) 


SHRI SAURAV GHOSAL 
SHRI ARINDAM CHAKRABORTY (Alternate I) 
SHRI PARTHA PRATIM BISWAS (Alternate П) 


SHRI PRANAB KUMAR DAS 
SHRI SATYAKAM NAYAK (Alternate) 


DR S. K. CHATURVEDI 
SHRI GIASUDDIN AHAMED (Alternate) 


DR J. K. SAHU 
DR A. К. PATNAIK (Alternate) 


Organization 


SKG Refractories Ltd, Kolkata 


Rashtriya Ispat Nigam Limited, Visakhapatnam 


Steel Authority of India Limited (SAIL), Bhilai 
Steel Plant, Bhilai 


Steel Authority of India (SAIL), Centre for 
Engineering and Technology (CET), Ranchi 
Steel Authority of India Limited (SAIL), 
Research & Development Centre for Iron & 


Steel (RDCIS), Ranchi 


Tata Steel Limited, Kolkata 


TRL Krosaki Refractories Limited, Jharsuguda 


In Personal Capacity (Flat 1 A, Himkunj 
Cooperative Society, Block 1* Number — 
167 B. P. Township, Kolkata) 


In Personal Capacity (Plot No BC 224, Sector-1, 
Salt Lake, Kolkata) 


BIS Directorate General 
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Representative(s) 


SHRI GAUTAM CHOWDHURY 
SHRI ABHISHEK SARKAR (Alternate) 


SHRI S. K. BHATTACHARYA 
SHRI P. S. PAUL (Alternate) 


SHRI SANDEEP SRIVASTAVA 
Ms D. SATYA DEVI (Alternate I) 
SHRI AMIT Roy (Alternate II) 


SHRI SURENDRA PRASAD 
SHRI AISHWARYA DEWANGAN (Alternate) 


SHRI M. K. KUJUR 
SHRIMATI A. BHATTACHARYA (Alternate) 


SHRI BAJENDRA 
SHRI GOUTHAM GHOSH (Alternate I) 
SHRI PRASANTA PANIGRAHI (Alternate II) 


SHRI ARUP KUMAR SAMANTA 
SHRI S. K. SUBUDHI (Alternate I) 
SHRIMATI RAJASHREE SWAIN (Alternate II) 


DR BARUN DEB MUKHERJEE 


SHRI K. K. PAUL 


SHRI SANJIV MANI, SCIENTIST ‘F’/SENIOR 
DIRECTOR AND HEAD (METALLURGICAL 
ENGINEERING) [REPRESENTING DIRECTOR 
GENERAL (Ex-officio)] 


Member Secretary 
SAAQIB RAAHI 
SCIENTIST ‘B’/ASSISTANT DIRECTOR 
(METALLURGICAL ENGINEERING), BIS 


Bureau of Indian Standards 


BIS is a statutory institution established under the Bureau of Indian Standards Act, 2016 to promote harmonious 
development of the activities of standardization, marking and quality certification of goods and attending to 
connected matters in the country. 


Copyright 
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